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Abstract. Black soldier fly, Hermetia illucens is one organism that widely used to reduce 
organic wastes through bioconversion process by employing the ability of larvae to consume 
various types of organic waste. This process changes organic waste into larvae and prepupae 
biomass which was developed in order to provide an alternative protein source for animal 
feedstock. In this study, the effect of four experimental diets was analyzed, namely horse 
manure, a mixture of horse manure and vegetable waste, sheep manure and a mixture of sheep 
manure and vegetable waste. Newly hatched larvae were inoculated on experimental diets. The 
sample of 20 larvae from 5 replicates were measured and weighed until pupae stage. Nutrient 
content of prepupae reared on experimental diet were analyzed proximately. The effects of diet 
on development time, growth of the larval stages, mortality, fecundity and nutritional 
composition of black soldier fly were studied. Results indicate that a mixture of horse manure 
and vegetable waste diet was the best of the four diets in terms of the shorter of development 
time, the lowest of percentage mortality, the highest of fecundity and the better of nutritional 
content. In conclusion, both of morphological development and the nutritional ingredient of 
black soldier fly were highly determined by the used growing substrates and food ingested. 
Addition of vegetable waste can improve growth performance and nutritional content of black 
soldier fly when reared on horse and sheep manure. 
1.  Introduction  
Black soldier flies (Hermetia illucens) play a significant role in recycling many forms of organic waste 
and other accumulated nutrients in the environment.  The larvae of black soldier flies able to broken 
down various organic matter including food waste in ecosystem [1][2]. This Species also recorded as 
an agricultural-waste consumer such as coffee pulp [1], palm kernel meal [3] and rice straw waste [4] 
or organic waste materials like market waste, municipal organic waste or dewatered faecal sludge [5]. 
Larvae of black soldier flies also consume livestock manure such as chicken manure [6], pig manure 
[7], and dairy manure [2]. In digestion process, this larvae assimilate nutrients of the organic matter. 
Through this process, black soldier fly larva cuts down the amount of organic waste, so indirectly 
decline the pollution potential [8].  
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More than half of the nutrients contained in feed are excreted as manure [9]. The black soldier fly 
consume and convert residual manure proteins and other nutrients into their valuable biomass, which 
is a high quality animal protein feedstuff [10]. The larvae and prepupae of black soldier fly have a 
high protein and fat content [11] that can be used to support growth a lot of livestock such as blue 
tilapia fish [12] and pigs [13]. The environmental impact of animal husbandry could decline 
significantly if black soldier fly larvae are used in order to eliminate livestock manure and reused as 
livestock feed. Organic matter as growing substrate greatly affects the development of black soldier 
fly and various biological traits [14].   
The present study focused on analyzing the influence of  horse and sheep manure substrates toward 
nutrient composition and growth performance of black soldier fly larvae and to quantify the suitability 
of horse and sheep manure as feed for black soldier fly larvae. In this study we determined the 
biological parameters of black soldier fly by focusing on the following specific objectives: the effect 
of diet treatment (a) development time of larval, pupal and adult stages, (b) mortality (c) size and 
weight gain, and (d) nutrient composition of the substrates and prepupae from all treatment.  
2.  Material  
The larvae of black soldier fly were derived from eggs produced by adult colony raised in a 1 m
3
 cages 
in the laboratory of animal physiology and entomology, Biology Departement, Faculty of Science and 
Technology, Universitas Islam Negeri Sunan Gunung Djati Bandung, Indonesia.  Fresh horse and 
sheep manure were collected at the conventional farms at East Bandung. Fresh vegetable wastes were 
collected from traditional market Ujung Berung East Bandung. This study was carried out from July to 
September 2017. 
3.  Methods 
The 3 days-old larvae were transferred to the trial plastic cup (height 12 cm, diameter 8 cm) filled by 
experimental diet. The cups were covered by a black sheet allowing aerobic circulation. The four 
experimental diets were: (A) pure horse manure, (B) a mixture of horse manure and vegetable waste 
(50%:50% in ratio), (C) pure sheep manure and (D) a mixture of horse manure and vegetable waste 
(50%:50% in ratio).  The trial was conducted in five replications. Each treatment contain 100 larvae 
fed with 100 mg/larvae/day daily feed rates.  
 The trials were carried out under room conditions (temperature: 27 ± 2ºC, relative humidity: 65 ± 
5%, and photoperiod Light : Dark = 12 : 12 hours). Every three days, the old growing substrates were 
replaced with new fresh experimental diets. The surviving larvae, prepupal, pupal and adult was 
counted as a measure of mortality. Development time of larval, prepupal, pupal and adult (male and 
female) was recorded continuously until all individuals died. The sample of 20 larvae from each 5 
replicates were used to measure the length, width and weight. Proximate and mineral analysis of the 
diets and prepupae of black soldier fly were performed at nutrition laboratory of Padjajaran 
University. Nutrition content was determined according to common methods for crude nutrient 
analysis as describe by AOAC (1995). 
 The statistical analysis was conducted using SPSS software, version 22.0. The statistical 
differences in were determined by a one-way analysis of variance (ANOVA) followed by Tukey tests 
with a threshold value (α) of 0.05. 
4.   Result and Discussion 
There were a difference among development time of black soldier flies reared on each experimental 
diet at all stages (larval, prepupal, pupal, and adult). Development time of black soldier fly reared on 
experimental diets presented in Table 1. Black soldier flies reared on horse manure had the highest 
total development time (larval to adult) among treatments (112.8 days). The lowest total development 
time was black soldier fly reared on a mixture of horse manure and vegetable waste (91.4 days). The 
time taken for larval stage was the longest than other treatment. This study demonstrates that horse 
and sheep manure are suitable as growing substrate for black soldier fly larval, although it takes longer 
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development time than previous study. Black soldier flies have a relatively long life cycle about 40-45 
days, with the larval stage lasting 22-24 days at 27-30ºC [7] [14] [15]. Larvae reared on pig manure 
generally took the longest time in reaching the wandering stage compared to other diets (fruit and 
vegetable, kitchen waste, liver, fish) [16]. The development of black soldier fly depends on many 
factors, such as the nutritional value of a resource that impact the development rate. Development of 
the black soldier fly will differ across organic wastes provided. There are a lot of factors that 
responsible for the differential development observed between diets. The most influential factor was 
likely the nutritional content difference of animal and plant based diets [17].  
 
Table 1. Population development time parameters (Mean ± SE) for 
black soldier fly reared at each experimental diets. 
 
Stage 
The Development time (Mean ± SE) 























































Different superscript letters within the same parameter indicate 
significant differences (P≤0.05) 
 
The difference of nutritional content would support why larvae reared on horse manure and sheep 
manure took longer development time than other treatments. Proximate composition of larval growing 
substrates and prepupal of black soldier fly presented in Table 2. The feeding activity of black soldier 
fly is done in the larval stage, with larvae acquiring a large fat body to use as energy for pupation, 
adult survival, and reproduction [14]. In general, black soldier flies larvae are capable of converting 
substrate with low nutritional content into biomass prepupa that is rich in higher nutrients such as 
crude protein (35.38 – 46.59%), crude lipid (10.97-14.09%), and energy (≈ 4603 Kcal/kg), as well as 
low ash and fiber content so it has potential to be used as animal feed.  
The larvae of the black soldier fly were not only able to survive and even develop in pure manure 
but were also capable of significantly reducing the manure biomass. The development of larvae much 
faster and the nutrient content being higher when vegetable waste was added to the manure. This study 
were along with previous study that concerning the treatability of faecal sludge, the larvae developed 
much faster when market waste was added to the faecal sludge to enhance the nutritive value of the 
larvae’s feed source [5]. 
The mortality of black soldier flies at each stage (larval to adult) in our study were relatively low 
suggesting its high survival rate high (Table 3). This result indicates that the tested manure types were 
suitable as growing substrate or feed for the larval of black soldier flies. Life history characteristics of 
black soldier fly such as survival rate and development time, are determined by a variety of factors 
such as food source [18], feed nutrition content [19], temperature [17], relative humidity [20] and 
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Table 2. Proximate composition of larval growing substrates and prepupal of black soldier fly  
 
 
A B C D 
  Substrate  Prepupal Substrate  Prepupal Substrate  Prepupal Substrate  Prepupal 
Parameters                  
Dry Matter (%) 91.03 88.02 88.05 94.96 90.84 95.49 89.59 94.11 
Ash (%) 14.15 19.63 21.80 14.22 21.45 15.35 20.45 15.48 
Crude protein (%) 10.13 35.38 13.89 46.59 13.34 40.00 16.43 44,13 
Crude fiber (%) 19.90 2.19 23.40 3.41 20.77 2.09 17.64 2.56 
Crude lipid (%) 3.87 14.09 3.51 12.98 4.27 10.97 3.87 9.73 
Carbohydrates (%) 51.97 28.71 37.40 22.85 40.17 31.59 41.61 28.10 
Gross Energy (Kcal/kg) 3553 4603 3269 4270 34.58 4557 3280 4270 
Minerals         
Calcium (%) 2.42 3.03 3.43 2.28 3.83 2.48 2.18 2.38 
Phospor (%) 0.59 0.82 0.74 0.78 0.42 0.54 0.64 0.35 
 
 



























































Different superscript letters within the same parameter indicate significant differences (P≤0.05) 
 
This study demonstrates that the resulting larvae were much fatter, longer and wider on a mixture 
of manure and vegetable waste than when feeding on manure only (Table 4, 5, 6). Certain bacteria, 
such as Bacillus natto, are present in poultry manure and promote larval growth and development [22] 
[23]. Larval survival of black soldier flies is not influenced by bacterial presence, but addition of 
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Table 4. Larval length (mm) of black soldier fly developing at four experimental diets 
 
Different superscripts in the same row indicate significant differences between means (P≤0.05) 
 
 
















































































































































































































































The 4th International Seminar on Sciences  IOP Publishing














































































































































































Different superscripts in the same row indicate significant differences between means (P≤0.05) 
 
Larvae fed manure were shorter, weighed less, and took longer to develop compared with others 
growing substrate such as fruit and vegetable, kitchen waste, liver, and fish [16]. The development of 
black soldier flies larvae on vegetable waste was faster than on restaurant waste and less substrate had 
to be fed because vegetable waste was substantially higher in moisture. In natural populations, black 
soldier flies at larval stage are adapted and preferred to decompose decaying organic materials. 
Rearing system of black soldier flies larvae on vegetable waste could provide a high quality insect 
resource with potential for being alternative in animal feed [25].  
Based on this study, it could be concluded that horse and sheep manure were suitable as growing 
substrate or feed for the larval of black soldier flies. In addition, the mixture of manure with vegetable 
waste in a 50%:50% proportion is a good combination for prepupal biomass production.  
 
Acknowledgments 
This study was funded by DIPA BOPTN UIN Sunan Gunung Djati Bandung 2017 granted to authors  
References 
[1] Larde G 1990 J. Biological Wastes 33 307-310 
[2]  Myers H M, Tomberlin J K, Lambert B D and Kattes D 2008 Environ. Entomol. 37 11-15 
[3]  Hem S, Toure S, Sagbla C and Legendre M 2008 AFR J. Biotechnol. 7 1192-1198 
[4] Manurung R, Supriatna A, and Esyanthi R R 2016 J. Entomol. Zoo. Stud. 4(4) 1036–1041 
[5] Diener S, Studt Solano N M, Gutiérrez F R, Zurbrügg C, Tockner K 2011 Waste Biomass 
Valori 2 357–363 
[6] Bondari K. and Sheppard D C 1981 Aquac. 24 103–109 
[7]  Sheppard D C, Newton G L, Thompson, S A and Savage S 1994 Bioresour. Technol. 50 275–
279 
71234567890 ‘’“”
The 4th International Seminar on Sciences  IOP Publishing







[8]  Newton G L, Sheppard D C, Watson D W, Burtle G J, Dove C R, Tomberlin J K and Thelen E 
E 2005 Symp. Sci. Anim. Manure Waste Manage (San Antonio, Texas, USA) 
[9]  Steinfeld H 2012 Exploratory workshop sustainable protein supply (Amsterdam, the 
Netherlands) 26  
[10]  Oonincx D G A B, Van H  and  Van J J A 2015  J. Insects Food Feed 
[11] Dierenfeld E S and King J 2008 J. Herpetol. Med. Surg. 18 100-105 
[12] Sheppard D C, Newton G L and Burtle G 2008 Black soldier fly prepupae a compelling 
alternative to fish meal and fish oil. Public comment on alternative feeds for aquaculture. 
[13] Newton G L, Booram C V, Barker R W and Hale O M 1977 J. Anim. Sci. 44 395-400 
[14] Tomberlin J K, Sheppard D C and Joyce J A 2002 Ann. Entomol. Soc. Am. 95 379–387 
[15]  Tomberlin J K, Adler P H and Myers H M 2009 Environ. Entomol. 38 930-934 
[16]  Nguyen T T X, Tomberlin J K Vanlaerhoven S 2013 J. Med. Entomol. 50 898–906 
[17] Harnden L M and Tomberlin J K 2016  Forensic Sci. Int. 266 109–116 
[18]  Diener S, Zurbrügg C and Tockner K 2009 Waste Manage Res. 27 603-610 
[19]  Gobbi P, Martínez-Sánchez A and Rojo S 2013 Eur. J. Entomol. 110 461-468. 
[20]  Holmes L A, Vanlaerhoven S L and Tomberlin J K 2012 Environ. Entomol. 41 971-978 
[21]  Zhou F, Tomberlin J K, Zheng L, Yu Z and Zhang J 2013 J. Med. Entomol. 50 1224-1230. 
[22]  Dong S, Chen Y, Huang Y and Feng D 2009 Chinese J. Anim. Nutr. 21 371-378 
[23] Yu G, Cheng P, Chen Y, Li Y, Yang Z, Chen Y and Tomberlin J K 2011 Environ. Entomol. 40 
30-35 
[24] Zheng L, Crippen T L, Singh B, Tarone A M, Dowd S, Yu Z, Wood T K and Tomberlin J K 
2013 J. Med. Entomol. 50 647-658 
[25] Spranghers T, Ottoboni M, Klootwijk C, Ovyn A, Deboosere S, Meulenaer B D, Michiels J, 
Eeckhout M, Clercq P D, Smet S D 2016 J. sci. food agri. 1-18 
 
 
